ABSTRACT
INTRODUCTION
Although restriction enzymes are widely used in genetic engineering very little is known about their structure and genetics. In a previous paper (1) we characterised the EcoR V restriction and modification system, which like all the other type II systems, is composed of two enxymes of low molecular weight: a restriction endonuclease (29 Kd) and a modification methylase (32 Kd). Both enzymes recognize the same short specific DNA sequence, namely the hexanucleotide GATATC. The EcoR V endonuclease cleaves this sequence after the first T, generating blunt ends (2). The EcoR V methylase modifies one of the two adenines (R. Brown; Personal communication). Because both the endonuclease and the methylase are able to interact with the same specific DNA segment, they constitute an ideal system to study specific proteinDNA interactions at the structural level. The fact that these enxymes are generally produced in very small amounts by their natural hosts, has hampered their purification in the relatively large quantities required for physicochemical studies. This problem can be solved by engineering strains overproducing specific enzymes (3). A first step in overproducing such enzymes can be achieved by cloning the system in a multicopy plasmid, as has been done with Pst I (4). In the EcoR V case, the system is already plasmid borne, and its cloning in pBR322 did not lead to a substantial increase of production (1). This problem can be circumvented by using expression vectors based on regulatable promotors.
One of the main difficulties in overproducing restriction enzymes, resides in their potential lethality. The role of the methylase is to protect the DNA from the action of the endonuclease, it is thus easily conceivable that a substantial increase in the endonuclease synthesis could be suicidal. Since the two genes are transcribed divergently (1) we chose to engineer each gene separately, so as to construct separate strains overproducing the EcoR V endonuclease and methylase. In this paper we present the different strategies that enabled us to construct strains overproducing these enzymes.
MATERIAL AWP METHODS
K-124HMtrp (lacZam. strA. r K + mK + , . A 1^252, cI857, AH1) (6) was used as a recipient for transformation. Strain K514 (C600 rg~ mx" 1 ") and strain K-12 HI trp were both used aa indicator strains for restriction and modification tests. For the determination of the 'de novo' synthesis of proteins in induced cells, the strain 1100(pRK248) was used as a recipient. Plasmid pRK248 (7) codes for the thermosensitive lambda repressor and the resistance to tetracycline. This plssmid is compatible with the expression vectors used in this work. The cells were grown in L-Broth or on L-Agar. When necessary, ampicillin or chloramphenicol were added to the medium to a final concentration of 100 ^ig/ml and 25 ^ig/ml respectively. Phage tests were done on BBL-Agar plates supplemented with 0.1H MgSOA.
Plasmids:
Plasmid pLB6 (which carries the complete EcoR V system) and pLB7 (which carries the EcoR V methylase alone) have been described in a previous paper (1) and were used as a source of DHA for cloning experiments. The construction of the pLK50 and pLK30 plasmid series is deicribed elsewhere (8) . Plasmid pLK331 contains the EndRV and MetRV fragment from pLB6 inserted in pLK33, in the opposite direction. The principal characteristics of these plasmids are shown on Figure 1 .
Reitrictiop and modification tests:
Phase lambda yir was used for all tests. Restriction spot test: dilutions of a 10*" pfu/ml non-methylated lambda vir.0 stock were spotted onto a lawn of the cells to be tested, as veil as onto a non-restricting indicator strain (K514 or K-124H14trp). The efficiencies of plating vere compared and the ratio eop(K514)/eop(cell)gives the efficiency of restriction. Methylation test: 0.1 ml of an appropriate dilution of lambda vir (10* to 10' pfu/ml respectively for non-restricting and restricting clones) was mixed with 0.1 ml of freshly grown cells. The mixture was incubated 15 minutes at 37°C without agitation to allow adsorption of phage lambda. 3 nl of BBL top layer agar containing MgSOA was then added to the mixture and poured onto a BBL-Agar plate. Because of the extremely high restriction efficiency of the EcoR V system, the methylation could be tested by simply toothpicking single plaques on a nonrestricting strain and on the appropriate restricting strain. The methylated phages give plaques on both plates whereas the non-methylated phages are unable to grow on the restricting strain. This allows the discrimination between methylating and non-methylating clones.
Viability testa:
Recombinant clones were inoculated in 3 ml L-Broth and allowed to grow for 3 hours. Dilutions of these cultures (10~2 f 10~\ lO"*") were then spotted (lOyul/spot) onto two L-Agar plates which were incubated at 28°C and 42 C. The viability was checked after 18 hours incubation by comparing the growth on the two plates. Clones which had an eoc 42*C/eoc 28*C of 10~4 were considered as non-viable. Inductions of enivme synthesis:
The potential overproduces were grown at 28 C in L-Broth until they reached an OD 55o Jlm " 0 ' 2 and transferred at 42°C. Aliquots of these cultures were taken at various times to prepare crude extracts (10 ml for in vitro activity and 1.5 ml for loading on SDS-PAGE). For large scale inductions the cultures are diluted 1:1 in LB prewarmed at 56*C prior to transfer at 42*C so as to immediately reach the desired temperature. Preparation of crude extracts:
10 ml of cells were spun for 10 minutes at 5Krpm, the pellet was resuspended in 1 ml TES + 100 ^ul of lysoiyme 10 mg/ml (TES :50 mM Tris-HCl, 5mM EDTA, 152 glucose). They were cooled for 20 minutes on ice and 1 ml of a 1.6 H NaCl, 4 mM DTT solution was added. The solution was sonicated for 15 seconds and spun for 30 minutes at 20 Krpm. Aliquots of those extracts were used for the titration of the endonuclease activity on lambda DNA.
Endonuclease titration in vitro:
The crude extracts were serially diluted (1:5 in restriction enzyme buffer) and 10 ul of the dilutions was incubated with 10 ^il of a mixture containing 0.5 ^g of lambda DNA in restriction enzyme buffer. The mixtures were incubated for 15 minutes at 37°C and loaded onto a 1.4Z agarose gel.
Legations and transformations:
Ligation reactions were performed at 15°C in 50 mM Tris pH»7.9, 50 mM NaCl, 10 mM MgCl2, 5 mM DTT, 0.5 mH ATP, using a concentration of 5 pm/ml for each DNA fragment. T4 DNA ligaee was a gift from E. Remaut. Prior to transformation the DNAs were phenol and chloroform extracted, and isopropanol precipitated. Transformations were done as described by Dagert and Ehrlich (9). Determination of the 'de novo' protein synthesis:
The strain 1100(pRK248)(pLBM) (pTZ115) was grown in M9 medium supplemented with 1 mM HgSO^, 0.21 glucose, 0.05Z casamino acids and 50 ^ig/ml L-tryptophan. When the ODj 6Q reached 0.2 to 0.3, the cultures were shifted to 42*C. At various times after, induction, aliquots from the 42'C cultures were labeled with 2.5 jjCi/ml C protein hydrolysate (Amersham). An aliquot taken prior to temperature shift was treated the same way. These samples were analysed on a 12.52 SDS gel. Gels were treated with Amplify (Araersbam) and after drying were exposed onto a X-ray Fuji film at -70°C. The protein pattern obtained that way could then be compared to the Coomassie protein pattern. Plasmid DNA preparation and gel electrophoresis:
Large scale plasmid DNA preparation was according to Clevell (10) and for small scale preparations a modification of the procedure described by Gough (11) was used. Gel electrophoresis was done on vertical agarose gels ranging from 1.2 to 2 Z agarose according to the molecular weights to be detected. The gels were run in Tria-Acetate buffer, stained in a 0.5 mg/ml EtBr solution and photographed under short wave U.V. light.
Enzymes:
All enzymes were purchased from Boehringer Mannheim, Biolabs or B.R.L. and used according to the suppliers recommendations.
RESDLT3
In order to overproduce the EcoR V endonuclease and methylase the 
its copy number is 2 or 3 fold lower than that of pBR322 (Data not shown). The strain K-12AHl4trp (pLBM) could be used as a receptor to isolate new plasmid molecules containing only the EndRV gene.
The first approach to overproduce the endonuclease i* described in Figure 5 . The plasmid pLK331 (identical to pLB6, but carrying the EcoR V system in the inverted orientation) vas used as a source of DNA for the constructions and the overlapping restriction sites for Hind II and Mlu I, which are present in the intergenic region, were used to separate the two on the basis of its apparent molecular weight. Moreover, the corresponding promoter (Peat) is known to be very efficient and is supposed to direct the synthesis of high levels of proteins such as the one observed in this experiment (14) .
The clone (K-124H14trp (pTZ115)) was successfully used to purify the EcoR V endonuclease in large quantities (0.9 mg of purified EcoR V endonuclease were obtained per gramm of bacteria -S. Halford, personnal communication). All of the overproduced enzyme can be recovered and is fully active. 
